**Core tip:** Acute liver failure (ALF) is a life-threatening syndrome with varying aetiologies based on geographic location. Paracetamol is the most common cause of ALF in South Eastern Australia with a rising incidence over 30 years. Despite this, transplantation for paracetamol induced ALF is lower than other large centres at 4% with a comparable overall survival. Non-paracetamol ALF however portends a poor prognosis with less than one third surviving without emergency liver transplantation.

INTRODUCTION
============

Acute liver failure (ALF) is a clinical syndrome characterised by severe liver injury associated with the development of coagulopathy and hepatic encephalopathy in the absence of known pre-existing liver disease\[[@B1]\]. The causes of ALF differ markedly based on geographic location\[[@B2]\]. In developing countries viral hepatitis is the most common aetiology, whereas in the developed world, the majority of ALF cases are due to paracetamol poisoning and / or other drug reactions\[[@B3]-[@B5]\].

Historically, ALF was associated with low rates of spontaneous survival and in regions with transplant programs, the majority of eligible patients underwent emergency liver transplantation (ELT)\[[@B6]\]. However, more recently, transplant-free survival (TFS) has improved\[[@B3],[@B7],[@B8]\]. In the United States, rates of liver transplantation for ALF have been reported to be as low as 20% with an overall survival to hospital discharge of 75%\[[@B8]\]. For non-paracetamol aetiologies, however, TFS is less than 30%, and ELT has an established survival benefit\[[@B9]\]. In contrast, for paracetamol induced ALF, TFS is much higher and the survival advantage of transplantation is less clear \[[@B10]\].

The Victorian Liver Transplant Unit (VLTU) provides liver transplantation and quaternary hepatology services for a population of 6.7 million in South-East Australia, representing 27% of the total Australian population\[[@B11]\]. Essentially all cases of ALF are referred to the VLTU, with only very few patients either not referred or dying prior to transfer. King's College Criteria is used to determine suitability for liver trans-plantation.

The primary aim of this study was to report the aetiology, incidence and outcomes of all adult cases of ALF presenting to the VLTU over the last 16 years. Our secondary aim was to compare current data to historical data by the same unit\[[@B12]\]. We hypothesised that the incidence and underlying causes of ALF across the population would be unchanged, but that outcomes would be improved despite relatively low utilization of ELT.

MATERIALS AND METHODS
=====================

All adult patients with ALF aged greater than 16 years managed at the VLTU between January 01, 2002 and December 31, 2017 were included in this study. ALF was defined as acute liver injury with the development of coagulopathy and hepatic encephalopathy within 26 wk of onset of symptoms, in the absence of known chronic liver disease\[[@B13]\]. Data were extracted from the VLTU database for comparison with a previously published historical cohort\[[@B12]\]. Patients with previous liver transplantation and primary non-function of the graft were excluded.

Information was collected from the unit database and crosschecked against medical records. The aetiology of ALF was determined by the treating team based on clinical history, paracetamol levels, viral and autoimmune serology, metabolic testing and, if available, histology from liver biopsy or explant specimens. Indeterminate ALF, also known as non-A non-B hepatitis or seronegative hepatitis, was diagnosed when all other aetiologies had been excluded.

Demographics, aetiology of ALF, rates of transplantation and outcomes were collected for all patients. Transplant free survival and overall survival (OS) were assessed based on survival to discharge from hospital. Patients who recovered without the need for liver transplantation were typically discharged back to the care of the referring health service and therefore, long-term outcomes are unknown. Medical records of patients who undergo liver transplantation, however, are regularly updated and were used to calculate post-transplant survival.

This study was approved through the Austin Health Human Research Ethics Committee.

Statistical analysis
--------------------

The incidence of ALF was calculated based on annual local population data available from the Australian Bureau of Statistics. Where data was normally distributed (by Shapiro-Wilk analysis), two-tailed student *t*-tests were used to compare for significance. Data not meeting normality criteria were reported as median (IQR) and compared using the Mann-Whitney *U* test. To assess differences in endpoints and changes in aetiology over time, data were first analysed by comparison of the two cohorts, and then as a continuous set. For categorical data, comparison was made using chi-square test. Time-series analysis was completed using linear regression.

RESULTS
=======

Records of 221 patients who had a diagnosis of acute liver injury on the liver transplant database were reviewed. Twenty-one patients were excluded due to the absence of hepatic encephalopathy. Twenty-two cases were excluded as they had underlying cirrhosis with acute decompensation and four cases because they had been transplanted at other centres. Five patients were excluded because they suffered ALF secondary to primary graft non-function after liver transplantation for non-ALF indications.

One hundred and sixty-nine patients met the inclusion criteria. One hundred and thirty-two cases (78%) were female and 37 (22%) were male. The median age at presentation was 41 years\[31;52\] for females and 37 years\[27;49\] for males. The median rate of referral over the study period was 9 cases per year, or 1.6 cases per million population per year. Twenty-two patients (13%) presented directly to our centre, 118 cases (70%) were referred from other metropolitan hospitals and 29 (17%) from regional and rural hospitals. One hundred and fifty-seven patients (92.9%) required support in the intensive care unit during their admission.

Aetiology
---------

Paracetamol toxicity was the most common cause of ALF accounting for a total of 84 cases (50%) (Table [1](#T1){ref-type="table"}). The median rate of paracetamol induced ALF referred to the centre over the 16-year study period was 0.7 cases per million population per year\[[@B11]\]. Non-paracetamol drug or toxin induced liver injury was the cause of ALF in 17 patients (10%). Viral hepatitis was the cause of ALF in 26 cases (15%). This included 20 cases of fulminant hepatitis B virus (HBV) infection and two from reactivated chronic HBV following systemic chemotherapy. Hepatitis A virus (HAV) was identified in four cases. Other viral aetiologies included herpes simplex virus-2 (HSV) and varicella zoster virus both in isolated cases.

###### 

Drugs and toxins implicated in cases of acute liver failure managed at the Victorian Liver Transplant Unit from 2002-2017

  **Drug/Toxins**                                          **Cases of ALF**   **Waitlisted for ELT**   **ELT**
  -------------------------------------------------------- ------------------ ------------------------ ---------
  Paracetamol                                              84                 11                       3
  Antibiotics                                              4                  2                        2
  Amoxicillin/clavulanate (2), clarithromycin, isoniazid                                               
  Infliximab                                               2                  2                        2
  Illicit drugs                                            4                  1                        1
  LSD, injected buprenorphine, amphetamines, MDMA                                                      
  NSAIDs                                                   1                  1                        1
  Amanita phalloides                                       1                  1                        1
  Herbal medicines                                                                                     
  Black cohosh herb, kava kava                             2                  2                        2
  Other                                                                                                
  Moxonidine, fenofibrate, chlorambucil                    3                  1                        1

ALF: Acute liver failure; ELT: Emergency liver transplantation; NSAIDs: Non-steroid anti-inflammatory drugs; LSD: Lysergic acid diethylamide; MDMA: Methylenedioxymethamphetamine; NSAIDs: Non-steroidal anti-inflammatory drugs

Fulminant autoimmune hepatitis was diagnosed in nine patients (5%). The diagnosis was made based on a combination of positive auto-antibody testing, elevated IgG levels and histology results either during the episode of ALF or after recovery. ALF secondary to malignancy was identified in four patients. Veno-occlusive disease caused ALF in one case following allogeneic stem cell trans-plantation. Wilson's disease was the cause of ALF in two cases. Severe ischemic hepatitis due to hepatic artery injury and extensive portal vein thrombosis resulted in ALF in four patients.

ALF occurred in five patients during pregnancy. Aetiologies included acute fatty liver disease of pregnancy, HSV hepatitis and pregnancy-precipitated liver failure from a urea-cycle disorder\[[@B14]\]. Unintentional paracetamol poisoning causing ALF occurred in two cases in the context of hyperemesis and malnutrition. One of these cases presented with foetal death in utero in the third trimester of pregnancy, however in all other pregnancies, the infants survived. Twenty-one cases (12%) were classified as indeterminate ALF after exclusion of other aetiologies.

Survival
--------

Over the study period the TFS was 52% and OS to discharge from hospital was 72%. TFS was significantly higher in patients with paracetamol induced ALF at 74% compared to non-paracetamol aetiologies at 31% (*P* \< 0.0001). OS however did not differ significantly at 77% and 67% for paracetamol and non-paracetamol aetiologies respectively (*P* = 0.13). ALF caused by indeterminate hepatitis had the lowest TFS at 10%.

Transplantation
---------------

Fifty-nine patients (35%) were waitlisted for transplantation (Figure [1](#F1){ref-type="fig"}). Eight patients improved and were delisted, however one subsequently died of sepsis. One patient was delisted following an intraoperative finding of ischemic gut and eight patients died while waiting for a donor liver (14%). 42 patients (25%) underwent liver transplantation for ALF. Rates of liver transplantation were highest in patients with indeterminate hepatitis at 67%. Only three patients with paracetamol induced ALF were transplanted (4%).

![Flowchart of outcomes of patients meeting criteria for acute liver failure.](WJH-11-586-g001){#F1}

After medical and psychosocial assessment, liver transplantation was con-traindicated in 24 patients. Of these, fifteen cases were deemed medically unsuitable for transplantation. Medical contraindications included uncontrolled sepsis, ischemic bowel, intracranial events, active malignancy and known severe coronary artery disease. Only three (20%) of these patients recovered and survived to discharge. Six patients had psychiatric or psychosocial contraindications and three patients had concurrent heavy alcohol intake rendering them unsuitable for transplantation. Paracetamol was the cause of ALF in eight of these patients (89%). Four (44%) recovered and were discharged from hospital.

For patients undergoing liver transplantation for ALF, 1, 3 and 5-year survival was 81%, 78% and 72% respectively. Seven patients (17%) died within 30 d of transplantation. The aetiology of ALF for such patients included indeterminate hepatitis (2), AIH (2), drug and toxins (2) and hepatic arterial injury leading to ischamic heptitis (1). Causes of death post operatively included sepsis in three cases, cardiovascular or cerebral events in three patients and hepatic artery thrombosis in one case.

Comparison over time
--------------------

Compared to historical data published by the unit from 1988-2001\[[@B12]\]. there was no difference in age at presentation or gender distribution (Table [2](#T2){ref-type="table"}). Paracetamol poisoning remained the most common aetiology over the two time periods. There was a significant increase in the rate of paracetamol-induced ALF in this current data set compared to the historical cohort (36% *vs* 50%, *P* = 0.046). When presented as continuous data, linear regression analysis also identified a significant increase in paracetamol-induced ALF per capita across the 30 years (R^2^ = 0.275; F(1,28) = 10.643, *P* = 0.003) (Figure [2](#F2){ref-type="fig"}). Overall ALF referrals to the unit also increased significantly over the time period (R^2^ = 0.178; F(1,28) = 6.074, *P* = 0.020). Comparing this dataset to historical data (1988-2001) also identified no differences in rates of viral hepatitis.

###### 

Demographics and aetiology of acute liver failure managed at the Victorian Liver Transplant Unit in a historical cohort^†^ compared to current series

                                                                  **1988-2001[1](#T2FN1){ref-type="table-fn"} (*n* = 80)**   **2002-2017 (*n* = 169)**   ***P* value**          
  --------------------------------------------------------------- ---------------------------------------------------------- --------------------------- --------------- ------ ---------
  Referral rate[2](#T2FN2){ref-type="table-fn"}, median \[IQR\]   1.2 \[0.6;1.6\]                                            1.6 \[1.3;1.7\]             0.020                  
  Age, yr, median \[IQR\]                                         36 \[27.0;48.0\]                                           40 \[30.0;52.0\]            0.168                  
  Gender                                                                                                                                                                        
  Male                                                            16                                                         20.0                        37              21.9   
  Female                                                          64                                                         80.0                        132             78.1   0.733
  Aetiology                                                                                                                                                                     
  Paracetamol                                                     29                                                         36.3                        84              49.7   0.046
  Viral hepatitis                                                 11                                                         13.8                        26              15.3   0.734
  Hepatitis B                                                     8                                                          10.0                        20              11.8   0.669
  Hepatitis A                                                     3                                                          3.8                         4               2.4    0.538
  Varicella zoster                                                0                                                          0.0                         1               0.1    0.491
  Herpes simplex                                                  0                                                          0.0                         1               0.1    0.491
  Non-paracetamol drug/toxin                                      5                                                          6.3                         17              10.1   0.323
  Indeterminate                                                   27                                                         33.8                        21              12.4   \<0.001
  Autoimmune hepatitis                                            0                                                          0.0                         9               5.3    0.036
  Other                                                           8                                                          10.0                        12              7.1    0.432
  Waitlisted for transplantation                                  35                                                         43.8                        59              33.5   0.179
  Waitlist mortality                                              9                                                          25.7                        8               13.6   0.139
  Liver transplantation                                           26                                                         32.5                        42              24.9   0.206
  Transplant-free survival                                        30                                                         37.5                        88              52.1   0.032
  Overall hospital survival                                       50                                                         62.5                        122             72.2   0.122

Gow et al\[[@B12]\], 2001;

Referral rate per million population per year. IQR: Interquartile range.

![Rate of paracetamol induced acute liver failure per capita.](WJH-11-586-g002){#F2}

TFS to discharge from hospital improved in the present study compared to the historical cohort from 38% to 52% (*P* = 0.032). An improvement in TFS was observed in both paracetamol toxicity (69% *vs* 74%, *P =* 0.614) and non-paracetamol aetiologies (20% *vs* 31%, *P* = 0.160) although neither met significance (Table [3](#T3){ref-type="table"}). Overall, there was no statistically significant difference in hospital survival (63% to 72%, *P* = 0.122) or transplantation rates for ALF (33% to 25%, *P* = 0.206).

###### 

Outcomes of acute liver failure managed at the Victorian Liver Transplant Unit in a historical cohort^†^ compared to the current series

  **Aetiology**             **TFS (%)**          **OS (%)**                                          
  ------------------------- ------------- ------ ------------ ------ ------- ---- ------ ---- ------ -------
  Paracetamol               20            69.0   62           73.8   0.614   21   72.4   65   77.4   0.589
  Non-paracetamol           10            19.6   26           30.6   0.160   29   56.9   57   67.1   0.230
  Viral hepatitis           2             18.2   10           38.4   0.228   5    45.5   18   69.2   0.173
  HBV                       2             25.0   7            35.0   0.609   4    50.0   14   70.0   0.318
  HAV                       0             0.0    3            75.0   0.047   1    0.33   3    75.0   0.270
  Drug/toxin induced        3             60.0   5            29.4   0.211   4    80.0   12   70.6   0.678
  Autoimmune hepatitis      0             0.0    3            33.3   \-      0    0.0    6    66.7   \-
  Indeterminate hepatitis   5             18.5   2            9.5    0.381   15   55.5   14   66.7   0.435
  Other                     0             0.0    6            50.0   0.017   5    62.5   7    58.3   0.852

Gow et al\[[@B12]\], 2001. TFS: Transplant-free survival; OS: Overall hospital survival; HBV: Hepatitis B virus; HAV: Hepatitis A virus.

DISCUSSION
==========

This cohort study represents the largest modern series of patients presenting with ALF in Australia. As the sole liver transplant unit responsible for a population of 6.7 million, the VLTU captured both the incidence and outcomes of this rare but life-threatening syndrome. We identified paracetamol toxicity as the commonest cause of ALF, responsible for 50% of presentations. We also found an increasing rate of paracetamol induced ALF referrals to our centre over a 30-year period. Finally, we found that transplant-free survival for both paracetamol toxicity and non-paracetamol aetiologies has improved, but that spontaneous survival for non-paracetamol ALF remains low. This is particularly the case for indeterminate hepatitis and non-paracetamol drug-induced liver injury, highlighting the need for early referral to a transplant centre.

Our reported prevalence of paracetamol-induced ALF is similar to series from the United Kingdom and United States with rates ranging from 37%-79%\[[@B3],[@B4],[@B15]\]. However, of concern, this is the only cohort to show an overall steady increase in its incidence. These results differ from local Victorian data demonstrating a decrease in hospital admissions for non-ALF paracetamol poisoning from 2000 to 2007\[[@B16]\]. In the United States, rates of ALF due to paracetamol poisoning have also fallen following the introduction of paracetamol sales restrictions in 1998\[[@B3],[@B17]\]. These regulations limited pharmacy sales to a maximum of 32 tablets per pack. While restrictions in non-pharmacy sales of paracetamol have been in place in Australia since 2013, packets of up to 100 tablets are still readily available in pharmacies. Risk factors for ALF from paracetamol include prolonged fasting and malnutrition often resulting in inadvertent toxicity\[[@B18]\] and combination pain relief products can also result in accidental overdose\[[@B16]\]. Improved awareness and public health strategies to address these factors may curtail this trend in life-threatening paracetamol toxicity.

Viral hepatitis was the second most common cause of ALF in this series. HBV accounted for 12% of all cases of ALF with no change compared to the historical cohort. This is in contrast to the declining incidence of HBV-induced ALF in other developed countries\[[@B3],[@B19],[@B20]\]. This may in part reflect the fact that many older Australians are still not vaccinated against the virus\[[@B21]\]. Also, Australia has high rates of immigration from countries in Asia where HBV remains endemic. Fulminant flares of HBV in the setting of inappropriately ceasing anti-viral therapy was a common background scenario in this patient group. Additionally, two patients in this cohort developed ALF from HBV infection during treatment of haematological malignancies with systemic chemotherapy. In both cases, reactivation of HBV was fatal. This emphasises the importance of early identification of patients at risk, monitoring and prophylaxis with nucleoside analogues where appropriate\[[@B22]\].

Hepatitis A was the cause of ALF in just four (2%) of our cases. HAV vaccination is not routine in Australia and is recommended only in high-risk populations including men who have sex with men and travellers to endemic areas. However, outbreaks do occur in a predominantly non-immune population\[[@B23]\]. Of note, three of the HAV induced ALF cases occurred in the same year, coinciding with a large food-born outbreak of HAV in Victoria \[[@B24]\]. While HAV and HBV were uncommon causes of ALF, mortality and morbidity were high with less than 40% of this patient population surviving without transplantation.

In this series we demonstrated that patients with paracetamol induced ALF have high rates of spontaneous survival and are unlikely to require transplantation. Indeed, rates of transplantation for paracetamol poisoning in this cohort are lower than reported by other large centres at 8%-25% but with comparable overall survival\[[@B3],[@B15],[@B18]\]. The role of ELT in paracetamol induced ALF has been questioned for more than 25 years\[[@B25]\]. King's College Hospital have been the world leaders in defining patients with paracetamol induced ALF who will die without transplantation and these criteria have been debated and refined over the last 30 years\[[@B1],[@B10],[@B26]-[@B28]\]. More recently the King's group have questioned whether transplantation plays any role in paracetamol induced ALF\[[@B28]\]. Our own policy is to consider transplantation only for the small subgroup of patients who have progressive coagulopathy and hyperlactatemia despite 48-72 hours of supportive treatment.

Over the 30-year period under review, TFS for ALF improved significantly. This finding has been observed in other large cohorts\[[@B3],[@B4],[@B8],[@B15]\]. Early recognition of ALF and referral to specialised transplant centres may be one factor that has improved TFS. Supportive care for ALF within intensive care units has also evolved. This is particularly the case in the monitoring and management of cerebral oedema. For the last decade, we have had a protocolised approach to the management of this patient group with the aim of minimizing deaths from cerebral oedema. This combination approach, termed "quadruple-H therapy" comprises hyperventilation, hyper-natremia, hypothermia and hemodiafiltration\[[@B29]\]. This multimodal approach has minimised the use of invasive intracranial pressure monitoring devices. Death attributed to cerebral oedema occurred in just one patient (0.6%) in this series.

Despite improvements in supportive care, transplantation still plays a pivotal role in this condition. Organ allocation in Australia is typically State based. However, patients with ALF who are ventilated in intensive care are classified as a category 1 and are allocated the next suitable organ within Australia or New Zealand\[[@B30]\]. Despite this approach, waitlist mortality remained high. There is often a brief window period where patients with ALF can be transplanted before they develop refractory multiple organ failure. Therefore, timely availability of a suitable donor organ for waitlisted patients remains critical.

This is the largest Australian cohort to report on the changing incidence and aetiology of ALF. We identified a concerning rise in paracetamol toxicity causing ALF. However, despite the high incidence of paracetamol induced ALF, we report on our very low use of ELT in this group of patients despite a comparable overall survival to other large international centres.

This study has several limitations. Firstly, this is a retrospective study, which interrogated prospectively recorded data. The diagnosis of ALF requires the presence of hepatic encephalopathy, which relied on the adequate documentation of this clinical finding in medical records. Additionally, these data did not include patients who were treated at other centres. It is possible that death prior to transfer, suicidal intent, substance abuse or significant comorbidities deemed unsuitable for transplantation may have prevented some patients being referred to the VLTU.

In conclusion, paracetamol toxicity remains the most common aetiology of ALF, with increasing rates over time, highlighting the need for public health measures to reduce this preventable cause. TFS has improved which may reflect advances in supportive care measures. Regardless, the majority of cases of non-paracetamol ALF still require transplantation and therefore early referral to a specialised transplant centre remains imperative.

ARTICLE HIGHLIGHTS
==================

Research background
-------------------

Acute liver failure (ALF) is a rare clinical syndrome with varying aetiologies based on geographic location. This condition is associated with high morbidity and mortality, and emergency liver transplantation is often life-saving.

Research motivation
-------------------

In Australia, published data from 1988-2001 demonstrated that paracetamol toxicity was the major cause of ALF, followed by non-A non-B hepatitis. An updated analysis of aetiologies and outcomes in an Australian context is therefore required.

Research objections
-------------------

This study aimed to provide a description of the aetiologies and outcomes of acute liver failure presenting to a large Australian liver transplant centre. We also aimed to describe changes over the past thirty years since the availability of liver transplantation for this condition.

Research methods
----------------

This is a retrospective cohort study of all patients admitted to the Victorian Liver Transplant Unit from 2001-2017. Data were compared to previous published series from the unit from 1988-2001, and as continuous data, to assess changes in aetiologies and outcomes over the past 30 years.

Research results
----------------

Paracetamol toxicity accounted for half of all cases of ALF, with a rise in the incidence of this condition over the past 30 years. Despite this observation, rates of liver transplantation for this condition are low at 4%, with an excellent overall survival. Rates of emergency liver transplantation were highest in indeterminate hepatitis and non-paracetamol drug induced liver injury. Transplant-free survival improved in this cohort compared to the historical cohort, however there was no significant change in overall survival.

Research conclusions
--------------------

Paracetamol represents the major cause of ALF in South-Eastern Australia with a concerning rise in its incidence over the past 30 years. Transplant-free survival has improved but remains low for ALF due to non-paracetamol causes.

Research perspectives
---------------------

This study shows a concerning rise in the incidence of paracetamol induced ALF in Australia, raising important questions regarding awareness and public health strategies to curb this rise. Larger multi-centre studies are required to confirm this observation. Transplant-free survival improved in this population similar to reports from other large international series, highlighting advances in supportive care.
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